AD-A163 @14 A HDDEL OF RCOUSTIC DﬁCKSCRTTER FROM MCTIC SEII lCE(U) 11
SCIENCE ﬂPPLICﬂTIDNS INTERNATIONAL CORP NCLE YA
L. 10 DEC 84 SAIC-84/18
UNCLASSIFIED N00014-84 C-.i F/G 8710

Fuen
one




- ».-lua.-«n- "«®e

a PR e

i

1
16

m

HEHEEE

ddaaa

EEE

——

NATIONAL BUREAU OF STANDARDS
WICROCOPY RESOLUTION TEST GMART

4
H
3
H
K
x
3
i
4
i
.
b
H
H
H
.

T

—
 ——

14

\\ll\‘ = ]

S, Teh Gl Tl el Tl A A oL

o V. g pig* 13,




A MODEL OF ACOUSTIC BACKSCATTER

K

FROM ARCTIC SEA ICE

AD-A163 014

SAIC-84/1805

-

) e d bl -

tional

s seTnnE—— wvet . -
e, e

| Tha doriie - - 5 el amprewed

Science Applications It
e g A R R T - 6 ~1 ; - :5 9

-t e

¥,

dw'ntuuwa ¥ |

el

Al

g " " B e
e oy o i g S S e 3 e S




DN AR A AR A

A MODEL OF ACOUSTIC BACKSCATTER
FROM ARCTIC SEA ICE

h - SAIC-84/1805

L
L s

o - ol
S i ma E .
o ‘ o ¥
SR b . v
e X i)
od iR E W
of v n N o7 : ey
+ -
M 1]
|
i e
. ' [
™

Science Applications International Corporation
Post Office Box 1303, 1710 Goodridge Drive, McLean, Virginia 22102, (703) 821-4300 -

6 1 2 059




» ()
\ e
0 e
. 3
» fal
-

0

.

.

) Ve

L]
-
N
.
Y
.. i‘-d
- -.
.
.
.
.
g Lacad
> e
.- 0
-~ ':
N
-

-

-

-
.

P JiFodit gt Bt g e & S 2o S AR A 4

Report SAIC-84/1805

N00014-84-C-0180
10 December 1984

A MODEL OF ACOUSTIC BACKSCATTER FROM ARCTIC SEA ICE

Prepared by

Robert R. Greene
A. Paul Stokes

SCIENCE APPLICATIONS INTERNATIONAL CORPORATION

1710 Goodridge Drive
McLean, VA 22102

10 December 1984

Technical Report

Prepared for

——

DISTRIBUTION UNLIMITED

NAVAL OCEAN RESEARCH AND DEVELOPMENT ACTIVITY
AEAS Program Office, Code 270

NSTL Station, MS 39529

" g~ )
%

"
o> s

A >
O

-

Accession For

Unannounced

NTIS GRA&I

DTIC TAB -

, |
v Juntificatieon

| By
,_Lihtrfhuttrn/_

QUALITY | . -
INSPECT:D } Avntlopility Codes
Iﬂ)/ AL, 'L ani/fer
5

Dist social
-/

X,

LR
L
Y

h i .
ot .
¥ e
w g !
ARLY .
0y A

TR TR e e et

3 ‘..'
l';‘ .
v L4

e
s by,
L

e

S
v
3

LY

PR
- S
.l.',l
)




Rty e 'HE B RS
PR I Sl AR A 06

UNCLASSIFIED

SESYUMTY CLASEICICATION OF ThiS PASE (4hen Date Entered)

T

ST AT U TR TR LT W L Tt Ty g

REPORT DOCUMENTATION PAGE

READ RISTRUCTIONS
BEFORE COMPLETING FORM

! T NLM2E . T AZCESSION NO.
SAIC-84/1805 IQI)i‘G lc;25k3’

3. RECIPIENT S CATALOG ?.JUMI!R

4 TITLE (ang Sultitie}

A Model of Acoustic Backscatter from Arctic
Sea Ice

TYPE CF REPCAT & PERIOD CCVERED

Technical -Report

6. PERFQORMING

SAIC-84/180

R . REPORT NUMBER

7. ACTHORA(S)

Robert R. Greene
A. Paul Stokes

N0014-84-C-0180

3. CONTRACT OR GRANT NUMBERCe)

9. PERFOAMING DRGANIZATION NAME AND ADDRESS
Science Applications International Corp.

Task 28.1
1710 GOOdrldge Dr., P.0O. Box 1303 Envirgnmental Character-
McLean, vA 22102 istics

. FIOGRAM !LER!’NT PROIECT, TASK
AREA & WORK UNIT NUMBERS

11. CONTASLLING CFFRICE NAME AND AUORESS

AEAS Program Office, Code 270

Naval Ocean Research & Development Activity
NSTL, MS 39529

12. REPORT DATE

October 26, 1984

13. NUMBER OF PAGES

T4, MONIToR.NG AGENCY NAME A& ADDRESS(I! Jilferent from Controlling Otlice)

1S, SECURITY CL ASS. (of thie rapert)

Unclassified

1Sa. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

18, DISTRIZ_TION STATEMENT (! this Report)

Unlimited

17. DISTRIBUTION STATEMENT (of the ebatract entared In Block 20, il ditlerent irom Report)

1€, SUPPLEMENTARY NOTES

19. KEY wOADS /Continue on reverse side It necessary mnd (dent!fy by dblock number)

re H* '

-~

2.
ABSTRACT (Continue on reverse stde ([ neceseary and identity by dlock aucrber)

Arctic, Scatter, Backscatter, Ice, Ridge, Acoustic

ﬁ;model of acoustic backscatter from Arctic

Sea ridge keels is

developed,
with data.

The model is demonstrated to produce good agreement
It is a composite surface scattering theory based

on diffractive scattering from small scale roughness on the
flanks of randomly orlented trlangular ridge keels, 7,,. .d5;

e r\:..; [/ Lor A(.l"‘,‘, PRI \
o i P~

R
1473

::“., EOITION OF ! NOV 515 O8sOLETE

"ll"“lna’l' .

o

DD';

e A UNCLASSIFIED




... IR R C RRaiCN ' & Y 1 p 2 ) i3 - 4y Y e e it . .
M

NS N00O14-84-C-0180
A 10 December 1984

N
TABLE OF CONTENTS iQ

T
L]
5
[
®
-
e,

- : Patagtagh

INTRODUCTION ......cccveececressnsscacoscocsnsosaconsss
Backscatter levels ...........ciccieenenncronneccnss
Composite surface method ..........cvvevvececnncsnsna
Triangular ridge model ..........iciveincerecnncncns

4
vare

— et P

o o o

W N

P s

« Ty

THE SLOPE MODEL .......cctevvtrenoecsnsccscsscncsncnnnns

2. 1

) 2.1 Ridge keel BLrUCtUTE .....c.cvecersecorsscnsscnornsns 1
R 2.2 Intervening ice roughness .........ccevevtnnenncsnce 2
SO 2.3 Roughness SpeCtIrUm .......ccccvvevnseconcnanscoccsose 2
. 2.4 Spectrum correction factor .........cooeeevrennnnsse 2
GRSy 2.5 Ridge orientation .......ccevvevrenccccescncsnanaees 3
ii - 2.6 Shadowing by ridge keels ........covvevevnnncnensess- 3
A 2.7 Mean backscattering strength ........c00cteeecensnse 3

DISCUSSION OF RESULTS .....couvvesasccsnsonnnasceasansns
Backscatter data ........c00.0 Sessesvtsrttrecscassans
Gaussian slope model-data comparison ........c.ceuse
Triangular ridge model-data comparisons ............

Mean heighl .....cccvivcvvevincecccononnsscocssone
Mean SPACING ....ivoieeerurerasencnseasrassennanns
Base angle slope .......c.ciiiverrvcsccenssannnonse

W W W W W W
LI W N

P [
NSNS

w N

CONCLUSIONS . ....co0vceocsccososnsossssscassssnsnasess
Diffraction scattering on steep slopes .............

&
-
-~~~

5 REFERENCES ......ccccevencttncncensonnsncsnenssasannns 8

-~ 6 DISTRIBUTION LIST ...ccevcveevneccnncsnctcenssacaconnce 9

o
-
e

R U R W W YL IR L ARV SR N LSRN e [ T et T e Lttt fat.
T L o e e e T T L S S e L U




CF P afa SR PRGNy o § T I REN
.

-, » g
.-5'.-. ot

%

AN ENETIYY

N00014-84-C-0180
10 December 1984

LIST OF FIGURES

Estimated backscattering strength (—e-e¢-) at

1.81-kHz using a composite surface model with

Gaussian slope distribution is compared with

data from Brown and Milne" for Spring and Summer

pack ice at three locations in the frequency

band 1.28 to 2.56 kHz ........c.ic0ivenrnncceonnsccnsns

Estimated backscattering strength at 1.81-kHz

using & composite surface model with triangular

ridge shapes having a base angle of 30° (-e-e-)

and 35® (----) are compared with data from Brown

and Milne" for Spring and Summer pack ice at three
locations in the frequency band 1.28 to 2.56 kHz ......

. v P RN
.t
e,

WAL M T B

K .-'..:..- ‘...‘. o, ;e ) . _'.:,"--_':\',J,'-"'-:"-.'l'.'_‘-.:".;'-",'.';‘»'.‘-.:". -.',‘::‘a“\-:_'_..'.



A ATV I TN T

) 4 .;

IS
& g\:‘-
> s.,,\‘.
X

AN
N N00014-84-C-0180 ;;;:::;2
p 10 December 1984 NGy

o

32N

S
e A MODEL OF ACOUSTIC BACKSCATTER }:“35&
~ FROM ARCTIC SEA ICE Tty
o g‘-‘_-\ﬁ':_if-
f, - - |

s ahoh,
A 1. INTRODUCTION Ny
: :..':'.l.:b
1.1 Backscatter levels. Acoustic backscatter levels from Arctic .:-:.:}_.;-:

sea-ice have been observedl  * to be much stronger than observed levels MO

in the open ocean. Mellen® demonstrated that observed levels were ":::.:'.'

RIS

. -
|
- -

-

inconsistent with the predictions of the perturbation-type spectral
— scattering theories from a rough pressure release surface, published
by Marsh® and later by Bass and Fuks’. The major failing of the
perturbation models is to neglect the effect of large-scale surface
features.

at 1.2 Composite surface method. Kuryanov® and Brown? have devised
the composite surface method to combine the effects of large-scale
surface features and small-scale roughness. In Brown's version of the
composite surface theory, the surface roughness spectrum is divided,
at a particular wavenumber, into low- and high-wavenumber portions.
) The low-wavenumber portion is used to cal-ulate the variance of a
. Gaussian distribution for the slope of the surface. The high-

wavenumber portion is used in a perturbation-type model to calculate

diffractive scattering strength for given in-coming and out-going

(, directions,. These in-coming and out-going directions are defined

r relative to the scattering surface, and hence the local scattering >
strength depends on the local slope of the scattering surface. The o

. mean backscattering strength predicted by the composite surface tech- TR

] nique is the expected value of the local scattering strength with '

o regpect to the Gaussian distribution of slope. _"_}:‘{.

. A

1.3 Triangular ridge model. Unfortunately, the slope distribu- ::-::-:::

g tion of Arctic ice 18 not Gaussian in nature. The composite surface SN
theory with a Gaussian distribution of slope, while giving some hARGLAS

| & improvement, still fails to predict observed backscatter levels. In

the next section, a composite surface theory based on scattering from
rough triangular ridges will be derived. The triangular ridge model
gives good agreement with backscatter data from Arctic sea ice.

2. THE SLOPE MODEL

2.1 Ridge keel structure. The underside surface of Arctic sea-
ice consists of relatively smooth stretches of ice interrupted by
large linear ridge-keel structures. These keels are piles of ice

. rubble, with steep flanks. In the triangular-ridge composite model
v proposed here, the ice-ridge keels are modeled as randomly oriented
prisms of triangular cross section, whose flanks have some fixed
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slope angle. Superimposed on the triangular structure is small-scale
roughness, characterized by the large-wavenumber portion of the sur-
face roughness spectrum. This small-scale roughness is due to the
small pieces of rubble of which the keel is composed.

2.2 Intervening ice roughness. Between the keels, it is assumed
the intervening ice is perfectly flat. One consequence of this is
that backscattering only occurs at the ridge keels. This is consis-
tent with observations by Berkson, et ﬂ.lo, using a narrow-band
scanning sonar. Their results indicate: "(1) very high level back-
scattering from well-defined under-ice ridges and (2) very low levels
of backscattering between ridges.”" The roughness of ice lying between
the ridges is not negligible, but it produces a negligible contribu-
tion to acoustic backscatter at small grazing angles. The authors
speculate that the coherence of the forward propagating energy may
depend on the roughness of the intervening, "undeformed" ice, since
high frequency energy striking the sloping side of a ridge will
generally be scattered out of the propagation channel at high angles.

2.3 Roughness spectrum. All calculations of scattering strength
in this article are based on the one-dimensional folded roughness
spectrum published by Mellen®. A good fit to this spectrum is given
by the functionll:

Gy (k) = B .3/2
N

where

B = .013,
k, = .05 (inverse meters).
The isotropic two-dimensional spectrum, Fq, associated with G, is

obtained using the Hankel transform. This integral can be carried out
in closed form to obtain:

F, (|k|) = B
2 2’
n(k2 * |k|2)
where k is the two-dimensional wave vector:

k= (ky, ky).

2.4 Spectrum correction factor. The roughness spectrum is used
to characterize the roughness on the ridge keels.
for the entire surface can be thought of as a weighted average of the

..........
...............

Mellen's spectrum
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' ‘ roughness spectra for the ridged and smooth portions of the surface.
' A correction factor must be applied to Mellen's spectrum to account
for the fact that all roughness is localized in the keels. This
factor is

i 1/Pg,
where PR is the fraction of the surface area that is ridged.

2.5 Ridge orientation. The orientation of the ridges is assumed

. to be random in this model. However, sound propagating in a given

I direction will tend to collide most often with those ridges lying

- perpendicular to its path. The distribution of ridge orientation with

respect to a ray path is a variation on the Buffon needle problem,

discussed in Feller.!? Let ¢ be the angle between the ridge axis and

the perpendicular to the track of the ray along the ice. The proba-

_ bility density for the angle ¢, given that the ray collided with the
- ridge, is:

lcos@do,where:1t_<o<_§.
2 2 2

. 2.6 Shadowing by ridge keels. Shadowing by ridge keels works to

. increase scattering strength at low grazing angles, since it is the

. flat portion of the ice surface which will be shadowed. The probabil-
ity of scattering from a ridge on a given bounce is thus enhanced at
low grazing angles. The probability that a ray will be scattered from
the front of a ridge is estimated to be:

p. = (h/tany + (n/2) w,)/8,
l t S with maximum value 1,

where h is the average keel depth,

W, is half the average keel width,

S is the average keel spacing, and
) Y 1is the grazing angle of the incident ray.

The formula for Pg is the ratio of the length of the ridge shadow to

the mean spacing between ridges. The length of the shadow is the mean

distance from the front of the ridge to the top of the ridge along the

track, including the effects of orientation, (n/2) w,, plus the
] distance from the peak of the ridge back to the shadow image of the
peak, h/tany.

2.7 Mean backscattering strength. The mean backscattering
strength o. a small patch of the surface is the local backscattering

. .
ow Tt e )
W R C e, e T,
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strength from a ridge at a given orientation, averaged over the ridge
b orientation, and multiplied by the probability that the patch is on a
. ridge. Following Bass and Fuks7, the local backscattering strength of
a patch on a ridge at a given orientation ¢ is:

e v

AT v e v

i .o w

H D
. Ce?e

S S(¢) = 4 k* (aen)* l-.Fz (2 (1-(a+n)2)1/2),
Pp
. where: @ is the unit incoming wave vector (cosy, 0, siny),
I y 1is the grazing angle of the ray,
' n is the unit normal to the ridge surface (cos¢ ¢ sin®,

sing * sin@, cos®),
. 6 is the base angle of the triangular ridge cross section,
i k is the acoustic wavenumber,
Pp is the percentage of the surface covered by ridges, and
F2 is the two-dimensional isotropic roughness spectrum.

The mean backscattering strength is:

:. - g = P 1'{/2 s(o) cosd db.

T S In/z 2

ri . 3. DISCUSSION OF RESULTS

L 3.1 Backscatter data. Estimates of acoustic backscatter based

B on composite surface theories are compared with measured data from

- three locations" in Figures 1 and 2. The data were taken in the

YRR frequency band from 1.28-2.56 kHz. Above 320 Hz there is very little
_. frequency dependence.

3.2 Gaussian slope model-data comparison. In Figure 1, the data
are compared with the prediction at 1.81 kHz of a composite surface
model with Gaussian slope distribution. The prediction lies well
below the measured values. Furthermore, the model exhibits

{. substantial frequency dependence in our implementation.

3.3 Triangular rxqgg model-data comparisons. In Figure 2 the
data is compared with two predictions at 1.81 kHz, based on a
triangular ridge model. The predictions, using triangular ridge
shapes with base angles of 30° and 35°, respectively, give good agree-
ment with observed backscatter levels. Furthermore, the prediction is
independent of frequency for hxgher frequencies, in quantitative
agreement with data in Brown and Milne" for five octave bands from 452
Hz to 7.24 kHz. The characteristics of the triangular ridges are:
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Estimated backscattering strength (~e¢-¢-) at
1.81-kHz using a composite surface model with
Gaussian slope distribution is compared with
data from Brown and Milne" for Spring and Summer
pack ice at three locations in the frequency
band 1.28 to 2.56 kHz .
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Estimated backscattering streagth at 1.81-kHz
using a composite surface model with triangular
ridge shapes having a base angle of 30° (-e-e-)
and 35° (----) are compared with data from Brown
and Milne" for Spring and Summer pack ice at three
locations in the frequency band 1.28 to 2.56 kHz .
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" 3.3.1 Mean height (h) =4.3m :;;
X ’;_: 3.3.2 Mean spacing (S) = 100 m ::.-E
L 3.3.3 Base angle slope = 30° or 35°. ;:"-.,
- \ N
J 4. CONCLUSIONS -
I\ ' e l-
:: 4.1 Diffraction scattering on steep slopes. The composite sur- ::
Y face scattering theory based on triangular ridge keels gives reason- o
) able agreement with data. The technique is based on discrete ridge .
- statistice and roughness spectra which can be measured from a sub- o
- - marine platform. A base angle, sometimes called the angle of repose,
O of the triangular ridges of about 35° seems to give good results. It
- is the fact that scattering takes place primarily from steeply sloped
- surfaces, in the triangular ridge model, which contributes most to the
R improved agreement over the Gaussian model. The actual scattering

- mechanism is diffractive scattering from small-scale roughness, as

estimated from the roughness spectrum.
.:;-.:,5.
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